Bile duct stones from 42 patients were morphologically and chemically analysed. The calculi from 27 patients had important primary bile duct stone (PBDS) features, consisting of a general ovoid shape and fragile structure, with alternating light and dark brown pigmented layers on cross-section. Chemically these stones contained low levels of cholesterol, with high levels of bilirubin and calcium. Subsequent infrared spectroscopy analysis showed that calcium bilirubinate and calcium palmitate were the only calcium salts present. Calcium palmitate was prominent in the light brown layers. A morphological and chemical comparison with gallbladder stones showed that bile duct "stasis stones" were similar in morphological and chemical composition to the brown pigment gallbladder calculi. However, they were distinct from most gallbladder stones, indicating that primary bile duct calculi have an aetiology that is different to 90% of gallbladder calculi. Primary bile duct calculi were observed to occur with or without the presence of a gallbladder, and more interestingly, in the bile duct of two patients with cholesterol gallbladder stones. Bile duct bile of patients with primary choledocholithiasis were always moderately to profusely infected and with abundant calcium bilirubinate precipitation. Moreover, this study has shown that PBDS chemical analyses profiles were consistent and correlated well with their defined morphology. Consequently, PBDS may be accurately identified at the time of operation by morphology. An important aetiological factor would appear to be infection, which would seem to promote bile duct bile stasis and eventual stone growth.
INTRODUCTION
In 1924 Aschoff described in detail, the morphol6gical features of a "primary biliary stasis stone", whose origin was in the bile ducts. Since then, the concept of Primary bile duct stones (PBDS) are those which form in the bile duct as distinct from secondary bile duct stones (SBDS) which migrate from the gallbladder. PBDS have features that were initially described by AschoW in 1924. More recently, these stones have been referred to as the true primary bile duct stone, a stone originating in the same area in which it is found, that is, in the bile duct4.
Primary bile duct stones usually occur singly, are dark brown and although of variable size, usually conform to the contours of the bile duct7'8. They can be crushed easily between the fingers to form "biliary mud''9. Although there have been many descriptions of bile duct stones, there is little information on the chemical composition and structure of PBDS. It has been reported that there are differences between PBDS and gallbladder stones in terms of cholesterol and calcium1'11. PBDS were found to have less than 25% by weight cholesterol supporting the contention that different aetiologic factors were involved in their formation. Our group has also shown that PBDS also contain high levels of bilirubin and calcium1'2. Controversy still exists as to what actually constitutes a primary or secondary bile duct calculus. This report has investigated the physical and chemical features of these calculi compared to those of the gallbladder. Cholesterol, bilirubin and calcium levels comprised the chemical profile in conjunction with the infrared spectroscopy data. These results were related to the morphological characteristics of the various stones types. Moreover, important aetiological factors such as bacterial infection of bile duct bile, calcium bilirubinate precipitation are suggested as being directly related with the pathogenesis of PBDS.
MATERIALS AND METHODS

Calculi
Bile duct calculi were obtained from 42 patients from a series of 937 patients undergoing cholecystectomy. Twenty-eight patients had not had a previous cholecystectomy, whereas the other 14 patients had a cholecystectomy and operative cholangiogram less than 1-12 years previously (Table 1) .
Morphology
Bile duct stones were examined for gross morphology by noting surface features, texture and cross-sectional appearance. "Soft" stones were defined as those which could easily be crushed into a coarse powder, "hard" were those which were not readily crushable between the fingers.
Chemistry
Bile duct stone samples were chemically analysed for cholesterol bilirubin and calcium. All reagents for the chemical analysis were of analytical grade. Prior to analysis all stone samples were washed with distilled water, air dried, pulverized and then chemically analysed. Briefly, a fraction of the gallstone or bile duct stone 
RESULTS
Morphology
The bile duct stones from 27 patients were classified as PBDS from their morphology (Table 1) . These stones were soft and easily fragmentable (Figures 1 and 2 ).
They were dark brown on the surface and were either smooth or rough, mostly with an ovoid shape. The stones occurred singly or as multiples, in which case they were also observed to be facetted ( Figure 3 ). The bile duct stones from 14 patients were however, classified as secondary bile duct stones. The stones from 12 patients were hard, white to pale yellow in colour and highly facetted. Cross-sectioning these calculi revealed light yellow radial striations with small brownish nuclei, characteristics which are common among cholesterol calculi of the gallbladder. The calculi from two patients were observed to be of the brown pigment type with mixed layers of white/yellow and pigment matter on cross-section. Furthermore, a single bile duct stone from one patient was found to be very distinct on cross-section. It had a hard pale core (32% total stone weight) and a softer brown shell (68% of total stone weight) ( Table 2 ).
Chemistry
The "soft" bile duct stones from 27 patients contained significantly high levels of bilirubin with a mean (SD) of 21.6% (8.5) and a mean calcium (SD) level of 5.5% (4.8). However, their mean cholesterol content was found to be very low with a mean (SD) of 22.9% (11.4) . Furthermore, the stones from 20 of these patients had a cholesterol content of 25% or less ( Table 3) . The "hard" bile duct stones from 12 patients were cholesterol rich with a mean (SD) of 92.5% (6.6) and with low levels of bilirubin and calcium with means (SD) of 1.3% (0.5) and 1.5% (1.3) respectively ( Table 2 ). The calculi from two other patients had means (SD) of cholesterol 62.9% (3.8), bilirubin 13.9% (2.2) and calcium 5.8% (3.8) . 19 have suggested that these calculi may result via the secondary deposition of soft cholesterol and pigment layers on bile duct concretions, thereby giving rise to "soft" stones with a friable character.
Examination of the gross morphology of "soft" calculi obtained from the bile ducts of 27 patients, suggested that such calculi had unique morphological features not observed in gallstones. Most evident was a fragile structure with shapes that conformed to the contours of the bile duct. Further, they had an "earthy" texture and a high level of biliary pigmentation. All of these bile duct stones were observed to be brown or dark brown in colour. They consisted of alternating light and dark brown laminated layers on cross-section. The central area was always pigmented, giving the impression that stone formation had occurred by the gradual deposition of pigmented layers upon an initial nucleus of diffuse pigment.
It has been claimed that the identification of PBDS by gross morphology at the time of surgery can be difficult. Furthermore, if the gallbladder is still in situ or has only recently been removed, origin of the stone in the bile duct is difficult to prove. Based on these concepts, a number of logical criteria have been established that could define a PBDS, namely a previous cholecystectomy, a two year asymptomatic period after cholecystectomy, bile duct calculi with morphological appearances of PBDS and no evidence of a bile duct stricture or a long cystic duct remnant5.
That such criteria can define PBDS there can be no doubt, since this is supported by a number of reports which have made similar claims4'2'22. However, Madden (1978) 9 has suggested that such patient related criteria may limit the occasions in which PBDS can be identified. Hence, following extensive studies into PBDS structure, Madden (1968, 1973) 78 has suggested that PBDS could be accurately identified by morphologic features alone. These included an "earthy" texture, easy fragmentation and with shapes that conformed to the contours of the bile duct.
Madden (1978) subsequently demonstrated the presence of PBDS in patients with in situ acalculus or calculus gallbladders.
This study has investigated bile duct stones from patients with and without a previous cholecystectomy. Approximately one-third of the patients thought to have PBDS were collected at a second operation in patients who had undergone a cholecystectomy 2-12 years previously. These patients with PBDS met the minimum requirements set out by Saharia and colleagues (1977) for a positive diagnosis. The other two-thirds of patients with possible PBDS, had their bile duct stones collected at cholecystectomy. Twelve of these patients had an acalculus "normal" looking gallbladder, four had gallstones concomitantly present in the gallbladder and one patient had a gallbladder carcinoma. Collectively, the morphological and chemical properties of the bile duct stones from both surgical groups were similar, if not almost identical.
The results of this study support Madden's earlier work9. The PBDS in this series appear to occur irrespective of a previous cholecystectomy and whether or not the gallbladder contained any stones. Nevertheless one may still argue though that if there is an acalculous or calculous gallbladder present concomitantly with bile duct stones, the origin of the bile duct stones would logically follow to be in the gallbladder. Since gallstone disease in the gallbladder is a much more common occurrence than in the bile ducts. Nevertheless, the morphological and chemical profiles of what were presumed to be PBDS in the pre-cholecystectomy group of patients were consistent with current knowledge of "earthy" PBDS structure and composition 27'28 as well as being very similar to those PBDS from the postcholecystectomy group of patients, namely, deeply pigmented "earthy" stones with shapes that adhere to that of the bile duct. As expected, PBDS composition was markedly different to the SBDS (Table 2 ). These latter calculi were gallstones that had migrated into the bile duct. They were of the multiple cholesterol variety, whereas in two other patients, brown pigment gallstones which have a composition similar to that of PBDS were observed, but with morphologies in terms of general shape and appearance that were different to that of PBDS. In comparing the bile duct stones from this series of patients with an array of gallbladder stones ranging from cholesterol single and multiple samples (approximately 80% of gallstone population at cholecystectomy) 18 to brown and black pigment gallstones, it was clear that PBDS in terms of gross morphology were distinct from all gallstones. On closer examination of their structure and cross section, PBDS were observed to belong to the brown pigment gallstone variety. Their cross sectional structural features of alternating light and dark brown pigment layers as well as their chemical compositions were observed to be similar18. This composition pattern was also partly observed in a single bile duct stone of one patient with a previous cholecystectomy. The core was observed to be "hard" and pale with a very high content of cholesterol (99%). The outer layer was alternatively "soft", fragile and highly pigmented. It consisted of 20% by weight of bilirubin and calcium. Infrared spectroscopy analysis showed that the calcium was present in the form of calcium bilirubinate and calcium palmitate, the salts of calcium that have been shown to predominate in PBDS. Hence, given that the outer shell fell away from the inner core and that their respective morphological and chemical features were so different, it was more than apparent that the outer layer had not been part of the original calculus. A gallstone appears to have migrated into the bile duct from the gallbladder, where "biliary mud" was then deposited, resulting in a gallbladder/bile duct combination stone.
Although Bernhoft et al. (1984) 27 claim that it is not possible to reliably identify primary bile duct stones on the basis of their appearance, our results disagree with this view. The results of this study have indicated that a range of brown pigment bile duct stones which were without doubt primary, and thus had formed de conforming to the shape of the bile duct and presumed to be primary common bile duct stones. The others were assumed to be secondary to gall bladder stone formation. There is good supporting evidence for this assumption in this paper.
However, this may not be the only method of primary bile duct stone formation and secondary stones may grow further once they have migrated into the bile duct and appear similar to primary stones. The morphological appearance of the soft brown pigment stone is related to the method of its formation with layer on layer of calcium bilirubinate and calcium palmitate. The bacteria, E. coli, klebsiella and bacteroides are frequently associated with soft brown bile duct stones1. These bacteria are known to produce beta-glucuronidase which converts the soluble bilirubin diglucuronide into the insoluble monoglucuronide and the bile duct moulds the stone into an ovoid shape2.
Other methods of primary bile ducts stone formation have been proposed. In the prairie dog soft brown stones can be induced by a high calcium diet without the presence of bacteria but whether a high oral calcium diet causes an increased bile calcium concentration in humans is uncertain3. Small dark bilirubinate stones develop as a consequence of poor liver function in the absence of infection. While most occur in the gall bladder, some are widely distributed in the intra hepatic ducts. Thus, if all primary bile duct stones are regarded as "a priori" stasis stones associated with sepsis, other factors may be overlooked in these less common situations.
The soft brown bile duct stone appears to develop as a consequence of bacterial overgrowth. It has shown to have distinct physical and chemical characteristics which allow its recognition in the operating theatre and in the laboratory. But it would be better to classify it as a bile duct "Stasis Stone" rather than a "primary bile duct stone". Then, having such a classification begs the question of "What is the cause of the stasis"? Is the stasis due to something within the duct (stone or parasite)? Is the stasis due to a sphincter abnormality (duodenal diverticulum, stenosis, motility disorder, abnormal pancreaticobiliary union)? Is the stasis due to an abnormality of the duct (stricture, Caroli's disease, polycystic disease of the liver, choledochal cyst)4? In some of these cases the cause of the stasis will be obvious and indicate corrective surgical treatment. In others, particularly sphincter of Oddi dysfunction, the diagnosis may only be made with specific investigations. This paper is a valuable aid to the clinician to enable classification of stasis stones both morphologically and chemically to justify either investigation or surgical treatment of the cause of stasis.
